INTRODUCTION
Renal disease is a significant cause of morbidity and mortality in dogs. By some estimates, more than half of dogs over five years old have decreased renal function due to spontaneous disease. The advent and widespread use of vaccination against canine leptospirosis has reduced the incidence of acute tubulointerstitial disease but many other diseases with diverse, and sometimes unknown, causes remain. Significant spontaneous diseases include acute and chronic glomerulonephritis, pyelonephritis, acute and chronic tubulointerstitial nephritis, renal amyloidosis, neoplasms of the kidney, congenital and acquired polycystic disease, and renal mincralization and stone disease, A number of congenital diseases causing renal malformation or alterations in renal metabolism have been described. These diseases are generally limited to a few breeds of purebred dogs (elkhounds, Shi TZUS, Basenjiis).
The dog has been used extensively in biomedical research and pharmaceutical testing. Dogs are a desirable size and are tractable in a research environment. Their renal morphology and function are similar to man in many respects. And while many renal disease processes are common to both species, there are two notable exceptions. Spontaneous vascular disease and hypertension are common contributors to renal disease in man but not dogs. On the other hand, the syndrome described as chroriic tttbtiloititerstitial tiephritis in dogs may or may not have a counterpart in humans.
The purpose of this paper is to review the incidence, etiology and pathogenesis, and the mor-phology of a number of important renal diseases which occur spontaneously in dogs. This review is not meant to be exhaustive, so less common entities will not be included.
GLOhlERULAR D i S M S E
Diagtiosis. In man, the diagnosis of glomerular disease is based on clinical findings of hematuna, edema, hypertension, oliguria/anuria, azotemia, proteinuria, hypoproteinemia, and lumbar pain (4, 29). Renal biopsy is common and biopsies are frequently analyzed using sophisticated histochemical staining procedures, immunofluorescent techniques, and electron microscopy.
The recognition of glomerular disease in dogs has been hampered by several factors, and so our knowledge of the incidence is limited. First, dogs rarely display clinical signs suggestive of glomerular disease until late in the course of the disease, at a time when there may be considerable parenchymal loss. Owners rarely observe dogs urinating and so may not detect hematuria unless the dog urinates in the house or a visible outdoor location. Oliguria, transient anuria, and polyuria also may be missed due to the infrequent observation ofdogs urinating. Other signs may also be missed, but for different reasons. The thick fur coat of dogs may make edema difficult to appreciate. Dogs may not change attitude or vocalize if lumbar pain is present and most dogs' sleeping habits preclude successful evaluation of lassitude by most owners. Polydipsia of short duration may go unnoticed if a large quantity of water is Drovided from one or several sources. Routine pressure is not routinely done. Routine and periodic weighing is not done so that catabolic states may be advanced before being noticed. Veterinary pathologists and clinicians share the blame for our lack of knowledge of the incidence of glomerular disease in dogs. Renal biopsy is uncommon. There is no system for the classification of renal lesions and many pathologists throw lesions into the single heading of glonieritlortephritis. Special histochemical stains, such as PAS, PTAH, and methenamine silver, which highlight renal structures, are not routinely used. Financial limitations and lack of expertise have prevented the widespread use of immunofluorescencc and electron microscopy. In short, an appreciation ofthe scope ofcanine glomerular disease is decades behind that which is known in man.
The Iiicidence of Canine Gloriierttlar Disease.
Muller-Peddinghaus et a1 (23) investigated the incidence of various types ofglomerulopathy in a population of dogs at the Hannover Veterinary School. They classified glomerulopathies and calculated incidence at different ages. In a population of 10 1 dogs of different breeds with and without clinical evidence of renal disease, 90% of the dogs had glomerulonephritis. The dogs ranged in age from less than 1 year to over 15 years. Seventy percent of the dogs in the study were over 5 years old. Membranous nephropathy occurred in 25% of the dogs, membranoproliferative glomerulopathy in 30% of the dogs, mesangioproliferative glomerulopathy in 16% of the dogs, and mesangial sclerosing glomcrulopathy in 19% of these dogs. The incidence of glomerular disease increased with increasing age. Twenty percent of dogs less than one year old had morphologic evidence of glomerular disease; also, 1 1% of dogs 1-5 years old, 30% of dogs 5-1 0 years old, 35% of dogs 10-15 years old, and 5% of dogs greater than 15 years old were affected.
Rouse and Lewis (32) studied the incidence of glomerular disease in 7 1 dogs submitted at random for euthanasia. Using light and immunofiuorescent microscopy, they found proliferative glomerulonephritis in 26% of adult dogs and 47% of aged dogs, but none in dogs less than 1 year old. They also found that 5% of the adult dogs and 13% of the aged dogs had membranous glomerulopathy. Stuart et a1 (37) found proteinuria and glomerular lesions in 8% of adult beagle dogs which they had judged to be clinically normal. Monlux (20) found morphologic evidence ofglomerulonephritis in only 3% of the 321 cases he studied, but he did not use cither histochemical or immunofluorcscent techniques.
Glomerulonephritis has been diagnosed frequently in dogs with various systemic diseases. Hotten-dorf and Neilson (1 2) diagnosed glomerulitis in 69% of dogs with mastocytoma. Casey and Splitter (4) and Abramowsky et a1 (1) diagnosed membranous glomcrulonephritis in dogs with dirofilariasis. Murray et al (25) found proliferative, membranoproliferative and membranous glomerulonephritis in dogs with a variety of cxtrarenal diseases including malignant neoplasia (70% of the dogs studied): acute pancreatitis, and viral and bacterial infections. Wright et a1 (41) found focal and mild glomemlitis in dogs infected with canine adcnovirus. Shirota.ct a1 (33) found membranous nephropathy in 30% of 62 dogs studied, and either mesangioproliferative or membranoproliferative glomerulonephritis in an additional 23% of the dogs studied. A high pcrcentagc of the dogs in this study had intercurrent systemic diseases, including dirofilariasis, neoplasia, or systemic inflammatory diseases.
Glomcrular disease has been seen commonly with diabetes mellitus, pyometra, and lupus erythematosus. Several investigators have found glomerulonephritis in dogs with staphylococcal and strcptococcal infections (1 1, 18). Others have described membranous nephropathy and nephrotic syndrome of unknown etiology in individual dogs (9, 16) . The incidence of canine renal amyloidosis is not known but is thought to be uncommon.
Pathogenesis. Many forms ofglomerulonephritis are caused either by the deposition ofimmune complexes in the kidney or by the direct action of antiglomerular basement membrane antibodies on glomeruli. The Pathogenesis of immune-complex mediated glomcrulonephritis (ICG) has been extensively studied in man and many animal species.
Foreign antigens (such as viruses, bacteria, and parasites) or altered auto antigens (degraded structural proteins, malignant cell components, DNA, RNA, mitochondria, and others) can initiate this process. Antigen is first processed by macrophages and T-lymphocytes. The activated antigen and cells stimulate transformation of B-lymphocytes into antibody-secreting plasma cells. Antibody production begins 3-7 days following recognition of antigen. At first, only small amounts ofantibody are made. This antibody (usually IGM and/or IGG) complexes with antigen. As there is only a limited amount of antibody compared to a large amount of antigen, complexes form which do not crosslink and precipitate but instead are soluble and circulate. It is thought that these circulating complexes, formed in antigen excess, are most important in initiating ICG. Complexes circulate until they are removed from the circulation by phagocytic cells (probably only small amounts are removed this way) or until they are filtered out in vascular beds in the kidney, lung, and brain (choroid plexus). In addition, some complexes are known to form directly in the kidney and other vascular beds. This occurs when antigens lodge here and combine in silii with circulating specific anti-
bodies.
A number of factors determines the deposition or formation of complexes in the kidney. First, the relative amount of antigen and antibody is important. Complexes formed in slight to moderate antigen excess havc the highest likelihood of circulating to the kidney. Second, the process of ultrafiltration, by extracting large amount of solvent from the plasma, concentrates complexes and other macromolecules near the filtration barrier. Third, the combined effects of plasma skimming to the kidney and the dynamics of turbulent and stagnant glomerular flow favor complex dcposition in the kidney. Fourth, some glomerular cells have specific receptors for portions of the antibody molecules present in complexes. Fifth, characteristics of the complexes themselves influence the amount and site of glomerular deposition. Complex size, weight, shape, and charge are all important factors. Finally, renal blood flow and vascular regulation may have a significant role.
Deposited complexes activate complement, principally by the classical pathway. Once this occurs, compIement-derived chemotactic factors draw inflammatory cells to the site of complex deposition. Neutrophils release hydrolytic enzymes capable of digesting GBM collagen and killing glomerular cells. Migrating basophils discharge histamine and other vasoactive amines which cause vasodilation and stagnation of blood flow. The death of endothelial cells exposes GMB and this acts as a stimulus for platelet aggregation and fibrin deposition. Macrophages enter glomeruli and remove cell and membrane debris. Capillary loops, damaged by the actions of complement and neutrophil-derived enzymes, may leak plasma and cells, resulting in clinically detectable proteinuria and hematuria. Stagnation of blood flow, vascular shunting, and thrombus formation compromise glomerular filtration, leading to azotemia and oliguria.
Morphofogy. The morphologic response to deposited complexes is quite variable. Proliferative glomerulonephritis has been seen in dogs with streptococcal tonsillitis (1 8), staphylococcal endocarditis (1 I), leukemia, lymphosarcoma, and pneumonia (33). Some dogs with dirofilariasis have been reported to develop either membranous (1) or membranoproliferative (33) glomerulonephritis. Pyometra has caused membranous glomerulonephritis in some dogs (27), but recent work in a large series of dogs has shown that this may be rare (36).
The eventual morphologic outcome is unpredictable. Some glomeruli may return to normal mor-phology or have only minor changes such as focal thickening of GBM. Other glomeruli may become sclerosed or fibrosed and be lost from renal function. Glomerular damage has conscquenccs on renal blood flow and on the renal tubules and interstitiurn. Profound glomerular .compromise can lead to cortical ischemia as normal flow from the efferent arterioles into the vasa recta is reduced. Tubular function may be decreased. Tubules may be lost and replaced with fibrous connective tissue, giving a morphologic picture of chronic glomerulonephritis.
Functionally, dogs with glomerulonephritis may show proteinuria, hematuria, azotemia, and altered urine production (oliguria, anuria, polyuria). There is considerable variation, both with the morphologic type of lesion and with each individual case. While many clinical and functional abnormalities may be shortlived, some dogs with marked proteinuria (greater than 3.5 g per day) for long periods of time may develop nephrotic syndrome. Other dogs may progress to acute or chronic renal failure.
RENAL AhiYLOlDOSlS
The deposition of amyloid, a beta-pleated sheetlike protein, in glomeruli, blood vessels, and around cortical tubules, is a cause of proteinuria and renal failure. Amyloid is an inert protein which is highly resistant to normal proteolytic digestion. Deposition of amyloid fibrils in tissue interfercs with normal tissue metabolism, nutrient exchange, and vascular function, and causes pressure atrophy and tissue necrosis.
Two forms of amyloidosis, primary and secondary, are recognized. Primary amyloidosis is associated with osteolytic multiple myeloma and with the formation of nodules in organs not usually affected by the secondary forms of amyloidosis. Secondary amyloidosis has classically been associated with persistent infections, especially systemic mycoses and chronic suppurative lesions. This classification may be somewhat arbitrary and it is likely in the future that classifications based on the chemical structure of the amyloid protein may be made. Currently, two distinct types of amyloid protein arc recognized, the immunoglobin amyloid-fibril protein designated AL and the amyloid-fibril protein designated AA.
Slauson and co-workers studied amyloidosis in a group of 44 dogs (34). They found the disease most common in dogs over 5 years old (mean age 9.2 years) and was slightly more common in males than females. There was no breed predisposition. Affected dogs suffered from dehydration, polydipsia, polyuria, nocturia, vomiting, and weight loss. About half of the dogs were azotemic and anemic. Most of the dogs had significant proteinuria. Intercurrent
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TOXICOLOGIC PATHOLOGY disease was found in 23% of the dogs in their study. These diseases included systemic mycoses, pyometra, chronic suppurative arthritis, chronic suppurative dermatitis, and several lymphoid malignancies. Kidneys from affected animals were slightly to moderately enlarged, pale, and firm. Staining of the cut surface ofthe kidney with Lugol's iodine resulted in a characteristic mahogany-brown stain. Pitting and contracture of the kidney occurred in a few animals with intercurrent chronic pyelonephritis.
They found that amyloid fibrils were deposited in most glomeruli, either in segments of the tuft or throughout the entire tuft. Deposits of fibrils were found in mesangial stalks and adjacent to and within glomerular basement membranes using electron microscopy. Deposits were also found in the cortical interstitium and in afferent and segmental arterioles. Secondary tubular atrophy was common. Amyloid was also deposited in other tissues, including the liver, spleen, and adrenal glands. Thrombosis and infarction of the spleen, kidney, and myocardium were found in 32% of the dogs studied.
GLOMERULOSCLEROSIS AND GLOhiEKULAK AGING Glomerulosclerosis is seen in the kidneys of many dogs and is a lesion which increases in various diseases, hypertension, and aging. Sclerotic glomeruli are readily appreciated with the use of special stains, such as PAS, which show hyalin deposits in capillary loops, diffuse thickening of GBM, increased thickness of mesangia, and the formation of adhesions between loops of the glomerular capillary tuft and Bowman's capsule.
An increased incidence of sclerotic glomeruli has been seen in diabetes mellitus and hypertension. In diabetics, it is thought that a basic defect in the synthesis and degradation of GBM occurs, resulting in accumulation of membrane or membrane-like material in glomeruli and subsequent sclerosis. In hypertension, it is hypothesized that increased pressure damages the endothelium and walls of the glomerular capillaries and promotes glomerulosclerosis. There is currently a major nephrologic controversy on the role of dietary protein in promoting glomerulosclerosis. Brenner and his colleagues (3) hypothesized that feeding high levels of dietary protein promotes glomerulosclerosis by increasing glomerular perfusion, a situation similar to hypertension. Their work relied heavily on experiments conducted in rats, a species in which there is a high incidence of spontaneous glomerulonephritis. Studies done in dogs have not supported the concept that feeding high levels of dietary protein has a deleterious effect on the kidney or significantly promotes glomerulosclerosis (30).
DISEASES OF THE TUBULES AND INTERSTITIUhf
The most common diseases which affect the tubules and interstitium of dogs are acute and chronic tubulointerstitial nephritis, pyelonephritis, tubular necrosis, and congenital or acquired polycystic kidney disease.
Diagnosis. Many of the tests used to cvaluate glomerular function are applicable to the detection of tubular disease. Evaluation of serum BUN, creatinine, electrolytes, protein and albumin, and gl2bulin are all necessary. Complete urinalysis is very helpful, since many of the constituents of urine are directly affected by tubular function. In particular, urine specific gravity and osmolarity are principally controlled by tubular action. The finding of a "fixed" specific gravity (1 .O 10-1 .O 12) which approximates that of plasma, on repeated urinalyses, indicates a loss of tubular concentrating and tubular diluting abilities. Proteinuria may indicate either glomerular or tubular disease or both. The passage of large amounts of protein into the tubules in glomerular disease may overwhelm tubular protein-resorptive capacity, resulting in proteinuria. On the other hand, tubular disease may inhibit the ability of tubules to resorb even a small amount of filtered protein, resulting in proteinuria. In some tubular diseases, proteins of tubular origin are lost in the urine and can be the basis for diagnostic tests of tubular disease. The presence of tubular cells and casts in the urine is indicative of tubular disease.
Inciderice of Ttibiilar Disease.
Diseases of the tubules and interstitium are very common in dogs 5 years and older. In a study of 101 dogs aged 6 months to 15 years, Mullcr-Peddinghaus et a1 (22) and Muller-Peddinghaus and Trautwein (23, 24) found interstitial nephritis in 10.5% of dogs aged less than 1 year, in 60% of dogs aged between 1 and 5 years, in 85.7% of dogs aged from 5 to 10 years, in 88% of dogs aged 10-15 years, and in 100% of the dogs aged 15 years or older. Forty-three percent of these dogs had concurrent glomerular disease and 45% of the dogs had pyelitis or pyelonephritis. About 2% of these dogs had antibody titers against leptospiral antigens, suggesting that infection with Lepiospira was not a significant factor in causing the high incidence of interstitial nephritis. Shirota (33) diagnosed interstitial nephritis in 55% of dogs in Tokyo. Glomerular lesions occurred in 78% of these dogs; additionally, 66% of the dogs had filariasis and 42% had nonrenal systemic diseases. None of Shirota's dogs were considered to have disease caused by Lepfospira or canine adenovirus. Krohn It is clear from a review of these studies that there is considerable variation in the incidence of tubulointerstitial nephritis in various dog populations studied. It is also clear that much of this variation is due to either the diagnostic criteria used or to the presence of significant intercurrent disease.
Acute Tiibiilointerstitial Nephritis. Most cases of acute tubulointerstitial nephritis (ATIN) are subclinical. A number of infectious agents have been identified which cause ATIN. These include Leptospira ititerrogarts, canine adenovirus, canine herpesvirus, and a number of bacteria.
Leptospirosis. Leptospirosis was a significant cause of ATIN before the widespread use of antileptospiral bacterins. Mchtyre (19) and Timoney et a1 (38) estimated, by the use of antibody titers, that 20% to 40% of the dogs in the British Isles had been exposed to leptospires. This incidence has decreased dramatically with the use of vaccination. When renal leptospirosis occurs, it is an acute multifocal or diffuse ATIN lasting from 7 to 2 1 days and causing azotemia, oliguria, proteinuria, and elevation of the white blood cell count. Grossly, kidneys are turgid and discolored. Microscopically, there is focal or diffuse peritubular inflammation and tubular necrosis. Organisms can be detected in tubules and the interstitium during the early stages of the disease by the use of the Levaditi silver stain, but few are generally seen.
Adertor+rics Nephritis. Canine adenovirus 1 (canine hepatitis virus) can cause acute interstitial nephritis. This virus also causes systemic, ocular, and respiratory disease, depending on the type and virulence of the virus and the resistance of the host (41) . In the first 4-7 days of infection, the virus replicates in glomerular capillary endothelial cells and mesangial cells. There rarely is detectable disease, but a transient immune-complex glomerulonephritis may be found 8 to 25 days after the initial infection (42, 43) , Some dogs develop an acute, focal interstitial nephritis with tubular necrosis and cortical fibrosis. The incidence of canine adenovirus nephritis has dramatically declined with the widespread use of prophylactic vaccination.
Catiitie Herpesvirus Nephritis. There have been few documented cases of spontaneous nephritis due to natural infection with canine herpesvirus. Wright and Cornwell (40) induced infection in one-day-old puppies with the virus and found cortical and medullary tubular segment necrosis and focal hemorrhage. Lesions have not k e n reproduced in dogs older than 6 weeks.
PYELONEPHRITIS
Pyelonephritis is an inflammatory disease of the renal pelvis and parenchyma most often associated with bacterial infection. It is also the term used to describe a wide variety of inflammatory and postinflammatory scamng processes in the kidney. The disease is common. Crowell and Finco ( 5 ) found morphologic evidence of pyelonephritis in 5.8% of young dogs and in 35.1% of older dogs studied. Muller-Peddinghaus et a1 (22) found pyelonephritic lesions and positive bacterial cultures in 90% of the aged dogs they studied.
The most common causes of pyelonephritis are E. coli. Proleiis, Stapliylococciis, Enterobacter. Klebsiella, and Pseudont onas, derived primarily from the lower urinary tract and the alimentary canal (1 3) . The kidney may be infected from either an aseending lower tract infection, from a hematogenous infection, or from direct contact with an infected focus in the peritoneum. Most evidence supports the ascending infection from the lower urinary tract as being the most significant route. Naturally occumng pyelonephritis is frequently associated with cystitis, prostatitis, or obstructive uropathy. In many cases, pyelonephritis may be part of a complex picture of inection and lower urinary tract obstruction and reflux from the compromised bladder (22) .
The kidney ordinarily has a high degree of resistance to infection because of its abundant blood supply (favors rapid detection of infectious agents by immune cells), high fluid flux (favors washout of pathogens), and the relatively hostile chemical environment crcated by the high concentrations of interstitial salts. Obstruction and uremia alter renal resistance by depressing solute and solvent exchange, and by the direct depression of immune function in uremia.
Pyelonephritis may be acute or chronic or a combination of the two. Acutely, there may be patchy cortical hyperemia and cortical abscesses extending to the medulla. The inflammatory lesions are primarily interstitial, with tubular destruction in the acutely inflamed areas. If the acute infection is adequately treated and the predisposing causes are removed (obstruction, lower tract infection), acute pyelonephritis usually resolves with only minimal scarring. There may be, however, recurrent episodes of infection and inflammation leading to scamng of calyces, medulla, and cortex. Repeated or persistent renal infection can result in chronic pyelonephritis which may progress to end-stage renal failure.
CHRONIC INTERSTITIAL NEPHRITIS
Chronic interstitial nephritis is a common term used to describe a long-term process of tubular destruction, interstitial inflammation, and renal scar-
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TOXICOLOGIC PATHOLOGY ring which is found in many older dogs. A more precise term would be chronic tubulointerstitial nephritis (CTIN). CTIN is a very common lesion. Muller-Peddinghaus et a1 (22) found CTIN in 10.5% of dogs under 1 year old, in 60% of dogs aged 1-5 years, in 85.7% of dogs aged 5-10 years, in 87.8% of dogs aged 10-15 years, and in 100% of dogs aged more than 15 years. A problem with their study is that the extent and the seventy of the lesions are not stated and so it is not known if the percentages quoted represent focal or diffuse disease. A significant number of the dogs diagnosed as having CTIN also had other renal disease processes. Forty-three percent of the dogs had concurrent glomerular disease and 45% had lesions suggestive of pyelonephritis. Shirota et al (33) found CTIN in 55% of the dogs they studied in Tokyo. They found that the incidence of CTIN increased with increasing age (109' 0 of the dogs less than 1 year old were affected; 59% of the dogs greater than 4 years old were affected). Glomerular lesions were found in 78% of the cases of CTIN Shirota diagnosed. Additionally, 42% of the dogs had nonrenal systemic disease and 66% had filariasis. Krohn and co-workers (15) diagnosed CTIN in 27.8% of the dogs necropsied in Helsinki. They did not give the ages of the dogs included in their study. De-Schcpper (6) found end-stage kidneys in 12% of the dogs they studied in Ghent. Leptospirosis was not considered to be a significant factor in causing the renal lesions in any of these large studies just mentioned.
The kidneys from dogs with CTIN are generally small, very firm, discolored and pale, and have irregular, pitted surfaces. Lesions are most prominent in the cortex of many animals. Microscopically, there is a moderate to profound loss of tubules from the cortex, accompanied by a sparse interstitial infiltrate of plasmacytes, lymphocytes, and macrophages. The degree of interstitial scamng is variable and depends on the amount of tubular loss. In some cases there are large, dilated tubular cysts. Other tubules may be filled with amorphous eosinophilic fluid. The disease does not seem to affect glomeruli as severely as tubules. Minimal to moderate glomerulosclerosis and periglomerular fibrosis have been seen consistently. It is likely that there is disruption of the blood supply in the interstitium when there is considerable fibrosis. This may create tubular anoxia and exacerbate tubular loss. At the same time, this creates a compromise of glomerular blood flow which may cause glomerular damage.
Affected animals are frequently azotemic. They may also be polydipsic and polyuric due to decreased urine concentrating ability following a loss ofnephrons. Anemia is common because ofa failure of synthesis of the hormone erythropoietin by the kidney and increased red cell fragility and destruction. Secondary hyperparathyroidism due to decreased production of activated vitamin D and absorption of dietary calcium leads, in many animals, to pathologic fractures, hypcrphosphatcmia, and dystrophic calcification. Some animals may also be proteinuric and hypoprotcincmic.
The cause of CTIN is unknown. There has been debate on whether CTIN follows acute interstitial nephritis due to canine adcnovirus or leptospirosk. This seems unlikely as CTIN occurs in much higher incidence than any of the acute interstitial nephritides. None of them have been shown to have longterm sequelae, and there is now widespread use of prophylactic vaccination to prevent both leptospirosis and canine adenovirus (1 5, 17, 41).
Other causes of primary tubulointerstitial disease, seen in man, are not important in dogs. For example, dogs rarely consume substantial amounts of analgesics or methicillin, so they rarely get analgesic nephropathy or methicillin-interstitial nephritis.
Research now supports the concept that CTIN may be an immune-mediated disease, much like glomerular immune-complex disease or anti-GBM disease. Diseases with similar morphologic and functional features can be induced in rats (3 l), rabbits (14) , and guinea pigs (35) by administration of tubular and glomerular antigens. It is now hypothesized that antibodies directed against tubular antigens or deposited complexes on the tubular basement membrane damage tubules and cause their eventual destruction. This tubular loss could be subtle and occur over long periods of time. Further investigation will be needed before it can be conclusively determined that CTIN has an immunologic pathogenesis.
There has also been debate on the subject of whether CTIN is actually a distinct disease entity or is just a manifestation of chronic glomerulonephritis or chronic pyelonephritis. It is likely that CTIN has been overdiagnosed in the past because of a lack of sophistication in the diagnosis of glomerular lesions. There is also the problem that all end-stage kidneys look the same, regardless of the antecedent disease process. At this point, it is possible that some of the cases of CTIN are actually either chronic pyelonephritis or chronic glomeruloncphritis. However, CTIN should still be considered a distinct disease entity, because of the primary tubular destruction and glomerular preservation, not seen in either of the chronic nephropathies.
RENAL CYSTS Cysts in the kidney are common in dogs and other species. Two forms of cysts are recognized. Cysts may either be congenital, as a result of defects in nephrogenesis, or they may be acquired, usually as the result of inflammatory disease and scamng.
Congenital cystic and polycystic disease is rare in the dog. Fox (7) described polycystic disease in a partially inbred strain of beagles. Other cases are seen sporadically in autopsy reports.
Acquired cysts are quite common. Partial obstruction to urine flow following interstitial inflammation and scarring cause urine retention cysts to form. These cysts are generally small and scattered throughout the cortex. The cysts may be quite common in diseases like chronic pyelonephritis and chronic tubuIointerstitia1 nephritis.
RENAL NEOPLAShiS
Primary renal neoplasms include nephroblastoma, renal adenoma, and renal adenocarcinoma. The kidney is frequently the site for growth of metastatic tumors, especially lymphosarcoma, and less frcquently melanoma, squamous cell carcinoma, and transitionaI carcinoma from the renal pelvis and the bladder (8).
Nephroblastoma is uncommon in dogs. It arises from remnant embryonal tissues in the kidney and may consist of poorly formed tubules and structures resembling glomeruli, surrounded by masses of fibroblast-like cells. It has been reported to occur in dogs between 1 and 9 years old.
Renal adenoma and renal adenocarcinoma arise from tubular epithelium and frequently are malignant and invasive. They may be quite large and cause considerable deformity of the kidney and displacement of adjacent abdominal structures. Hematogenous metastasis occurs, although regional nodes may be affected.
Renal lymphosarcoma is common, especially with multicentric tumor growth. Infiltrating neoplastic cells around tubules must be differentiated from interstitial infiltrates seen in some acute interstitial diseases like leptospirosis.
Transitional cell carcinoma of the renal pelvis is uncommon in the dog. These tumors may be readily induced with aromatic amincs and azo dyes (42) . The tumors appear as single or multiple papillary projections in the lumen of the pelvis. They are cornposed of layers of pleomorphic transitional cpithelium. Metastasis to regional lymph nodes and lungs is reported to be common.
RENAL UROLITHS
Uroliths are common in dogs. It has been estimated that 0.4% to 2% ofdogs presented for medical therapy because of urolithiasis. Uroliths are much more common in the bladder than in the kidneys. Some uroliths are composed of a cation such as calcium, magnesium, or ammonium, and an anion such as phosphate, oxalatc, or urate. Others arc composed of metabolic products such as cystine. A number of factors promote the formation of uroliths, including a high concentration of certain solutes in the urine, urine stasis, the presence ofurinary tract infections, and, in some dogs, specific metabolic defects (for example, cystinuria). Certain breeds of dogs such as cocker spaniels, daschunds, Pekingese, corgis, and dalmatians have a high incidence of urolithiasis. Other breeds (German shepherds, Labradors) have a lower incidence. This breed prcdilection can be partially explained by specific metabolic defects in some breeds which predispose to the foxmation of metabolic uroliths (2).
Uroliths in the renal pelvis can cause mechanical irritation, hemorrhage, pelvic inflammation, and reactive hyperplasia of the pelvic epithelium. Diagnosis is usually based on a history of stranguria, hematuria, and recurrent or chronic urinary tract infection. The presence of both pyelitis and pyelonephritis has a significant influence on the formation of uroliths in the renal pelvis.
